Information technologies can act as technical artifacts and can facilitate stakeholder communication, supporting decision making in a complex societal context. The water sector is one such example where limited water resources are threatened by climate change and growing competition for resources between sectors, regions and countries. Attempts to improve water governance and management through information technologies have been made by international, regional and national water agencies for the last 20 years in Central Asia. However, early attempts were focused on collection, systematization and analysis of the generic data related to the water sector in the region. There are still significant gaps (technical, human and financial capacities) for application of such technologies at the lower operational levels of water management, i.e. where the full dimensions of variables, interactions and complexities are observed and, most importantly, everyday politics of water are performed. The aim of this paper is to present practical results on improving water management in Central Asia through the application of better data management tools at the operational level across diverse institutional settings, i.e. transboundary, watershed levels in the region.
At the river basin/watershed level, water management has been transformed from the previous territorial management (administrative) into the hydrographic units in the three countries with still on-going efforts in Tajikistan and Turkmenistan (Yalcin & Mollinga ; Abdullaev & Atabaeva ) . At the local level, water user associations have been formed at the on-farm level (Yakubov & Ul Hassan ; Abdullaev et al. ) . In fact, agriculture uses about 90% of water resources of the region for irrigation (WB ; UNEP ; Sokolov ; Dukhovny ).
These political, economic and social changes have increased the flow of information and the number of stakeholders involved in the decision-making process on water management and the transformed water governance framework (Abdullaev & Rakhmatullaev , ) . The contemporary situation with full involvement of different stakeholders requires that open source, easy to access information and user-friendly data management systems are in place. However, at present the data and information on the water sector are often dispersed, heterogeneous, incom- The greatest challenge is a practical implementation of activities at the lowest water management levelknown as operational (Garcia ) . At this level the full dimensions of variables, interactions and complexities are observed where everyday politics of water are conducted (Mollinga ; Abdullaev & Mollinga ; Abdullaev et al. ) . In the case of Central Asian states, where water management is still mostly state business, the operational level includes district and provincial water management organizations (WMO) (Abdullaev ; Abdullaev & Atabaeva ) . The data management in this level will help to address most of the water governance issues, such as transparency of decision making (defining water rights or limits) on water distribution and water control, involvement of the water users in water management and supporting comprehensive river basin planning.
Interactions and interdependencies among various actors, both human and non-human are shaping decision-making processes in the water sector (Abbott & Jonoski ) . The everyday politics of water could be described through the application of main principles in an actororiented approach (Long ) . According to Long, '… upon the capacity of actors to process their and others experiences and act upon them'. Actors that are engaged in the everyday politics of water management could be divided into six categories: (i) water users; (ii) state bodies;
(iii) irrigation and drainage infrastructure; (iv) natural environment; (v) social environment; and (vi) information communication technologies (ICTs) (Figure 1) . More access to water information and data for both policy makers and the public will help to promote integrated water resources management (IWRM) principles, i.e. a participatory approach (Michalski et 
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Status quo of ICT in the region
The recent advances in ICTs and the push for e-government (or electronic government) worldwide made it possible to look into the problem of water management with a fresh perspective. E-Government is a digital platform for interactions between a government and citizens using ICT infrastructure in different aspects of their livelihoods and development.
The e-government readiness index is an indicator for showing government readiness to use ICTs towards more inclusive and transparent government structures. More precisely, the e-government readiness index is 'a composite measurement of the capacity and willingness of countries to use e-government for ICT-led development' (UNDP ).
According to the study, the Central Asian region has made the most significant improvement in e-government development as a region, but is still slightly below the world average (UNDESA ). The material evidence suggests that almost all Central Asian countries have made considerable progress (improvements in e-government readiness index (Table 1) and world e-government ranking) in the implementation of e-government steps. For example, all national water authorities of the region have their web sites ( Table 2 ). According to the UN indicator on e-government evolution, the development of ICT in the water sector of Central Asian states falls into stage II which is:
'Enhanced: Governments provide more information on public policy and governance. They have created links to archived information that is easily accessible to citizens, as for instance, documents, forms, reports, laws and regulations, and newsletters' (UNDP ).
However, the application of ICTs at the operational level is still very limited. Nevertheless, systematic framework conditions such as considerable improvements in physical and human skills, and unprecedented developments in infrastructure for wider adaptation of ITCs in the water sector of the region, allows for development of the more systematic information and data management settings.
Experience of data and information management systems
Data management has been one of the important functions of the WMOs at all levels during the Soviet period in Central The data and information in the water sector have been handled hierarchically through an administrative reporting system: from the lowest WMOs towards the higher levels (national and regional). However, the numbers of reports produced by WMOs were large and mostly in formats which were not accessible or understandable for the general public. The WMOs were producing annual reports and storing them in the archives for at least 5 years. The data collected were submitted to the statistical departments of provincial government authorities, and annual statistics books were published as the source of the data and information.
In Central Asia, since the mid-1990s regional water management authorities such as the Scientific Information Center of Interstate Commission for Water Coordination (SIC ICWC), the International Funds for Saving Aral Sea through technical and financial support from international and national partners, have been trying with varying success to implement data management improvements in the water sector. The activities were targeted on the generation, collection and application of modern tools (Geographic Information Systems (GIS), Remote Sensing (RS), Decision Support System and models, etc.) in water management at different levels. The data management activities during the mentioned period cover different levels, aspects, and regions of Central Asia on water management (Table 3 ) (Cawater-Info Web ). Table 3 have produced the data and information which are of restricted access and contain retrospective data sets. In addition, the primary target levels of the above interventions were regional or national levels of water hierarchy. Yet, the databases reflect only retrospective data for countries on the general situation of the water sector (descriptive nature) without fully operational datasets, i.e. which are the primary sources for further analysis, modeling and scenario developments of the river basins.
Most of the projects listed in
In summarizing the current situation analysis in the region, the authors conclude that limited success of ICTs application in the water sector of the Central Asian countries could be attributed to the following three broad categories: (i) hesitance of the WMOs to allow public access to crucial operational information; (ii) insufficient capacities (knowledge and technical) of the WMOs; and (iii) the turnkey fashion of implemented activities (by donor communities) without involvement of partner WMOs. Therefore, tedious manual data management practices persist in the everyday operation of WMOs as the main tool to gather, store and report the information (Abdullaev & Rakhmatullaev ) .
Study areas
Within the framework of TWMCA program, seven pilot areas have been selected in consultation with partners from WMOs as intervention sites for the data management activities ( Figure 2 ). The selected sites could be divided into two distinguishable types: (a) transboundary sites with two or more countries sharing water resources (Pilot area No. 3 -Isfara in Figure 2 ) and (b) sites within national border (Table 4 ).
MATERIALS AND METHODS
Conceptual framework and strategic approach
The long-term sustainable water management in Central Asia could be reached by preparation of long-term river basin management plans by WMOs. Therefore, the ultimate 
goal of the data management activities of the TWMCA program was to provide both human and technical capacities, with tools on data management for WMOs at an operational level enabling them to improve decision-making processes in the water sector.
The core of the data management concept is in improving the collection, systematization and use of the data for long-term basin planning ( Figure 3 
Needs assessment and capacity building
At the initial steps of the intervention, comprehensive preassessment of hardware and capacity-building needs of local WMOs on data management have been carried out through surveys and interviews with key players of local The 'Database' has been designed to store and use digital data on water resources, water use, hydraulic facilities, hydrological settings, economic, and administrative conditions of the location such as basin and irrigation system. 
RESULTS AND DISCUSSION
In Central Asia, improvements in water governance are part of the solution to the water problems (Aminova & Abdullaev ) . This is especially true for the transboundary basins of Central Asia where climate change impact will bring more uncertainty and water shortages (IPCC ).
Therefore, improving the transparency of water management through the application of data and information tools could be seen as a path towards more sustainable water resources management.
The results of data management activities, with qualitative impact indicators, across the Central Asian countries are presented in Table 5 . The most promising signal was strong political support from the national water authorities of Kyrgyzstan, Uzbekistan, Tajikistan and Turkmenistan, which have issued support letters to the program indicating their desire to support the data management activities. In four of the above mentioned countries, special decrees were issued by the respective national water authorities declaring the use of the database as the main tool for reporting within their respective national water hierarchical systems. In Kazakhstan, the national government is funding the national program on data management in the water sector.
Basin level
Database system
Former water datasets were created in MS Excel or MS Access formats, were accessible only to a limited number of users and were transformed into the web-based, userfriendly and easy functioning database with a menu of genuine components in all sites (Figure 4) . The Help menu has been built into the database interface with manuals of database, GPS and satellite imagery in the Russian language, to make data management tools available for wider group of users and stakeholders.
Access to data and information
Access to the database has been one of the critical aspects of the data management. Partner WMOs were not eager and ready to immediately share data with 'outsiders'organizations, i.e. people who are not working in the water sector. One out of seven WMOs have agreed during the initial meetings to post a database online. However, even this WMO did not want to give free access to the database, and has limited the access by introducing user names and passwords for the data users. Thus, in order to address this critical issue, the database has been designed with an administration menu incorporated into the main menu. This allows a WMO database operator to produce passwords and user names, extent list of data, and add new sections into the database. In other words, the database can be updated without external intervention or support if WMOs would like to include new data sets into the database. Kazakhstan þ n/a n/a þ n/a n/a
þ (positive progress); -(no progress); þ/-(mixed progress); n/ano comment. GIS and RS tools differ from the database due to quite high requirements for the experts who will work with these tools. Without special training and long-term experience, local experts cannot produce GIS tools. However, LULC maps are not required to be prepared for each season or year, but rather updating it every 4-5 years will be sufficient for basin assessment and planning purposes.
Keeping a professional staff with GIS skills is not feasible in current conditions due to the low wages of WMO staff.
Therefore, recruitment of a growing number of companies or GIS experts is an option for updating the LULC maps.
However, in a few Central Asian states, national water authorities are starting to set up GIS units at the national level which can help WMO to produce LULC on a regular basis.
Application status and follow ups
The application of databases for everyday operations has shown various/mixed results across the pilot areas. For example, at present in Kyrgyzstan and Uzbekistan databases are filled with retrospective data for 2005-2011 and from 2012 the database has been used for day-to-day operations. In other pilot areas, it is unfortunate that databases are not fully used (Table 5) . Some data turned out to be a difficult task to collect due to the loss of the paper reports which were stored in poor conditions at the offices of district (rayon) and provincial Low wages, high turnouts and non-transparent promotion systems makes it difficult to keep highly qualified staff staying on with WMOs. Therefore, the danger that trained experts may leave soon after training was one of the concerns discussed with partner WMOs.
Risks/issues for knowledge management sustainability
In the beginning of project activities, the main concern was sus- The databases in different locations produce comparable reports which make future data and information exchange easy in the context of transboundary cooperation. Then, at the joint working group meetings, there has been dialogue to discuss ways for integrating transboundary aspects. Currently, it is premature status to practically implement transboundary databases between Kyrgyzstan and Tajikistan in the Isfara river basin due to an absence of joint river basin organization and interstate water agreement. However, the TWMPCA has been supporting the efforts of two states for signature of interstate water agreement for almost 3 years.
For the GIS map, two separate sub-basin maps were created by Kyrgyz and Tajik teams, respectively. Yet there are many unresolved questions to merge the two parts into the single basin GIS map with administrative borders, hydrotechnical infrastructures and Isfara watershed delineation due to trust-building of parties, unresolved country administrative border demarcation, and human capacities. In order to start up, discussion of a generic single DEM map for Isfara was presented (Figure 7 ).
CONCLUSIONS
Growing competition between sectors and states, as well as increasing signs of climate change, makes water resources management a challenge. In fact, this situation is more profound in transboundary river basins, where inter-sectoral competition is coupled with interstate aspects. About 250 river basins around the world are shared by two or more countries where issues of water resources have not yet been a reason for major conflicts (Wolf et al. ) . However, growing demand for water and climate change impacts soon could mean that water becomes a source for instability.
Access to clean water for drinking, irrigation water for food security, and use of water for energy generation are major areas of potential problems related to water resources management (IWMI ). Climate change will affect the formation, distribution and use of water resources. The quantity and quality of the water resources may decline from current levels in many parts of the world (IPCC ;
GWP & INBO ).
The water consumption patterns will probably increase in most parts of the river basins, especially in transboundary ones due to an increase in air temperatures (IPCC ). Weak water management institutions, and the absence of long-term basin plans on water management might worsen the situation further in developing countries (GWP ). Development of the data management tools and their application will help to reduce such risks and potential water-conflicts.
Data management for IWRM activities in selected sites shows that there is acknowledgement of the need to use modern information technologies in the decision-making process and the daily operation of national water management organizations for sustainable and efficient water management. In the future, widespread use of ICTs tools and approaches will help to enhance more transparent water management decision-making, increasing the public access to the water related data and information.
More transparent and publicly available data also makes cooperation of different sectors and countries dependent from the same water source much easier than it is at present.
Successful implementation of the data management interventions in the water sector very much depend on existence of appropriate coordination institutions being in place for water management. Absence of such institutions is limiting the data and information sharing both within and between different sectors.
